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Background: Cardiovascular diseases are one of the main public health issues
in developed and developing countries. Many recent studies indicate pleiotropic diverse functions of vitamin D.

3.

Aim: The objective of this study was to evaluate 25(OH)D concentration in
plasma of patients suffering from different types of ischaemic heart disease
(STEMI, NSTEMI, stable angina pectoris), prevalence of its deficiencies in these
patients and relations between 25(OH)D plasma level and traditional biomarkers for cardiovascular diseases.
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Results: In the conducted study a mean 25(OH)D concentration was 13.7±3.8
and was below the recommended normal limit. The lowest mean concentration,
7.5±3.2 ng/ml, was observed in patients with NSTEMI, in those with STEMI –
13.4±2.1 ng/ml, and in patients with SAP – 19.6±4.2 ng/ml. No correlation
was found between plasma vitamin D concentration and its dietary intake in
all groups of patients. 25(OH)D concentration negatively correlated with age
(r=-0.27), BMI (r=-0.31) and waist circumference (r=-0.29) in the studied group. Patients with normoglycaemia had a significantly higher 25(OH)D concentration than those with glucose intolerance and type 2 diabetes (p=0.02), in
patients with type 2 diabetes and glucose intolerance 25(OH)D concentration
correlated negatively with serum glucose level (r=-0.29) and TG concentration
(r=-0.31), and positively with HDL level (r=0.27).

CC

Conclusion: A non-supplemented well-balanced diet does not significantly
affect plasma 25(OH)D concentration. Occurrence of vitamin D deficiencies
in patients with ischemic heart disease should be regarded as an independent
factor increasing the risk of cardiovascular diseases.
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Cardiovascular diseases are one of the main public health issues in developed and developing countries. Many recent studies indicate pleiotropic
and diverse functions of vitamin D and its deficiency correlates positively
with a higher risk of cardiovascular diseases, arterial hypertension, dyslipidaemia, obesity or metabolic syndrome. Moreover, it has been proved that
vitamin D deficiency affects progress of the atherosclerotic process [1,2].
Ischaemic heart disease includes all conditions involving ischaemia of
the cardiac muscle related to lesions in coronary arteries. We may distinguish stable coronary syndromes, e.g. stable angina pectoris (SAP) and
acute coronary syndromes (ACS) – with or without ST segment elevation
(STEMI or NSTEMI). The most common cause of ischemic heart disease
is coronary atherosclerosis and the cause of ACS – a sudden blockage of
the coronary artery by a thrombus which forms on damaged atherosclerotic plaque.
Vitamin D regulates many mechanisms that have impact on the cardiovascular system, and its active form is 1.25 dihydroxy vitamin D with
a peculiar intracellular receptor VDR. Most (90%) of the recommended
daily intake is obtained from synthesis in the skin, the remaining part
should be supplemented by proper diet. The amount of vitamin D production in the skin depends on the season of the year, degree of cloudiness and air pollution, geographic latitude or skin pigmentation [1,3].
Vitamin D regulates homeostasis of calcium and phosphates, increases calcium absorption from the intestines and takes part (together with
parathormone) in calcium resorption in the kidneys. It is also associated
with arterial blood pressure regulation, and its level correlates inversely with plasma renin activity. Moreover, vitamin D deficiencies increase
the risk of diabetes development since it may affect intracellular calcium
concentration in pancreatic cells, which stimulates insulin production. It
is also believed to have an impact on lipids metabolism, as its deficiency
increases the systemic insulin resistance deteriorating the lipid profile, as
well as the process of atherosclerotic plague formation. Therefore, there
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are reasonable grounds for evaluating its level in patients with coronary
disease [4,5,6].
The objective of this study was to evaluate 25(OH)D concentration in
plasma of patients suffering from different types of ischaemic heart disease (STEMI, NSTEMI, stable angina pectoris), prevalence of its deficiencies in these patients and relations between 25(OH)D plasma level and
traditional biomarkers for cardiovascular diseases.

3.

Material and methods

Study population
The study included 192 patients, 112 males and 80 females, aged 41-65
(mean 54.4±4.3 years).
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Biochemical analyses
Fasting blood glucose was determined with a reaction between glucose
and ATP catalysed by hexokinase; TG concentration was enzymatically
measured with coupled reactions in which TG was hydrolysed to produce
glycerol; TC was measured with reactions using cholesteryl ester hydrolase, cholesterol oxidase, and peroxidase; HDL was measured using a heparin-manganese precipitation method; LDL was assessed using Friedewald rule.
The concentration of 25-hydroxy vitamin D (25-OH-D) was evaluated
with the application of the LIAISON® test using chemiluminescent immunoassay (CLIA) technology. The plasma level of 25(OH)D ≥30 ng/ml
was considered normal, between 20 ng/ml and 30 ng/ml – suboptimal
(hypovitaminosis) and ≤20 ng/ml – insufficient (deficiency) [7].

CC

Anthropometry analyses
Body mass index (BMI) was calculated as weight (kilograms) divided by
height in meters squared. Waist circumference was measured at the midpoint between the bottom of the rib cage and above the top of the iliac
crest during minimal respiration.
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Nutritional evaluation
The food intake was assessed using a twenty-four-hour dietary recalls
(24HR), in accordance with the guidelines of the National Food and Nutrition Institute in Warsaw [8,9]. A total of 576 24HR (three 24HR for
each patient) were obtained from subjects by the interviewer and means
of consumption were calculated for each nutrient. The “Album of photographs of food products and dishes” of the National Food and Nutrition
Institute of Warsaw was used to determine normal size of the consumed
portions [9]. The vitamin D intake was determined with “Charts of nutritive values of products and foods” and “Standards of Human Nutrition”
using Diet 5.0 software (license No: 52/PD/2013), accorded to the National Food and Nutrition Institute of Warsaw. The degree of insufficient
intake of vitamin D was estimated according to the adequate intake standards (AI=15µg per day) [8,10].

CC
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Statistical analyses
Statistical analysis was performed using Statistica 7.1 PL and Office 2010
software. The normal distribution was determined using the Shapiro-Wilk test. Continuous variables are presented as the mean value ± standard deviation (SD). The comparison between averages of two independent groups was made using Student’s t test and Mann-Whitney U test
for continuous variables, chi-square and Fisher’s exact tests were applied
for dichotomic ones. Correlations were assessed by Spearman’s and Pearson’s coefficient. One-way analysis of variance (ANOVA) with the post-hoc Bonferroni test for multiple comparisons was used to determine if
differences exist between means of patients belonging to different groups, p<0.05 was considered to be significant.
The study was approved by the Bioethics Committee of the Medical
University in Lodz (No. RNN/556/10/KB). A written consent was obtained from all research participants.

10

Godala, Gaszyńska, Materek-Kuśmierkiewicz, Moczulski, Kowalski

Results

3.

0P

L

Baseline groups characteristics
Characteristics of the studied groups are shown in Table 1. The three
subgroups did not differ with regard to age, gender and smoking habits.
Exactly 25% of the studied group were diagnosed with diabetes mellitus,
17.71% – impaired glucose tolerance and 88.54% – hypertension. The
three subgroups differ according to anthropometric and lipid profile parameters except for TC. The highest TG and LDL concentration was found in
NSTEMI patients whereas the highest HDL – in SAP patients. Patients with
NSTEMI were characterised by the highest BMI and waist circumference.
Table 1. Characteristics of the study group
STEMI (n=62)

SAP (n=74)

Mean ±SD /
%(n)

Mean ±SD /
%(n)

Mean ±SD /
%(n)

Age [years]

53.2±4,2

57.4±5.3

52.7±3,7

sn

SA

NSTEMI (n=56)

p-value

42.9 (24)

41.9 (26)

40.5 (30)

sn

39.3 (22)

29.0 (18)

32.4 (24)

sn

T2D [%]

28.6 (16)

22.6 (14)

24.3 (18)

<0.001c

17.9 (10)

16.1 (10)

18.9 (14)

sn

IGT [%]

96.4 (54)

80.6 (50)

89.2 (66)

sn

BMI [kg/m2]

32.5±2.6

27.4±6.9

29.7±3.4

<0.0001a

Waist [cm]

104.54±8.9

96.66±12.3

101.8±8.2

<0.0001a

Glc [mmol/l]

5.7±0.9

5.7±1.2

5.8±0.35

<0.0001b

TG [mmol/l]

1.9±1.9

1.7±0.7

1.6±0.2

<0.0001b

-B

HT [%]

Y-

Sex [% females]
Current smokers
[%]

4.5±1.8

4.5±0.9

4,6±1.2

sn

1.2±0.1

1.3±0.2

1.4±0.4

<0.0001a

LDL [mmol/l]

2.9±0.8

2.7±0.7

2.7±0.2

<0.0001a

25(OH)D [ng/ml]

7.5±3.2

13.4±2.1

19.6±4.2

<0.00001a

CC

TC [mmol/l]

HDL [mmol/l]

a – Student’s t test, b – Mann-Whitney U test, c – χ2 test, sn – statistically non important
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Nutritional characteristics
The studied groups were well nourished according to the total energy intake, total protein, carbohydrates and fats intake, as well as dietary fibre
(Table 2). The groups did not differ according to the absolute values of
the energy obtained from macronutrients intake, also several similarities
were found between the groups regarding minerals intake (sodium, potassium, phosphorus, magnesium, iron, copper, zinc, iodine) and vitamins
(B vitamins, vitamin A, vitamin D).
The percentage of the group with deficient of the vitamin D consumption of the AI standard was 81.25% (n=156). A detailed analysis of the
kind of products commonly chosen by the study group indicated dairy
products, meat and fish.

Total energy [kcal/d]
Proteins [g/d]

NSTEMI (n=56)

STEMI (n=62)

SAP (n=74)

Mean ±SD

Mean ±SD

Mean ±SD

1957±405

1896 ±348

2005±316

sn

107±29

96 ±28

99±27

sn

84 ±33

76 ±31

82±28

sn

Y-

Fats [g/d]

SA

Table 2. Dietary intake in the study group
p-value

278±38

277±41

269±32

sn

Cholesterol [mg/d]

321 ±85

272 ±95

289 ±43

sn

SFA [g/d]

35±12

31±16

32±12

sn

MUFA [g/d]

30±24

31±17

33±21

sn

11±6

10±11

sn

-B

Carbohydrates [g/d]

PUFA [g/d]

12±8

Fiber [g/d]

24 ±8

23 ±7

25±5

sn

Vtamin D [µg]

4.9±1.2

5.3±1.7

4.7±1.6

sn

CC

sn – statistically non important

25(OH)D concentration and its correlations
In the conducted study a mean 25(OH)D concentration was 13.7±3.8 and
was below the recommended normal limit. The lowest mean concentration, 7.5±3.2 ng/ml, was observed in patients with NSTEMI, in those with
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STEMI – 13.4±2.1 ng/ml, and in patients with SAP – 19.6±4.2 ng/ml. There was a statistically significant difference between the values. No correlation was found between plasma vitamin D concentration and its dietary
intake in all groups of patients.
Plasma 25(OH)D concentration below 20 ng/ml was observed in
53.12% (n=102) of the subjects, significantly more frequently in NSTEMI patients than in the other groups, whereas hypovitaminosis (25(OH)D
concentration of 20-30 ng/ml) – in 46.88% (n=90), most often in patients
with stable coronary diseases. In none of the subjects the recommended
25(OH)D concentration, over 30 ng/ml, was observed. Moreover, among
those with 25(OH)D deficiency as many as 43.14% (n=44) had 25(OH)D
concentration below 10 ng/ml (Table 3).
Table 3. Prevalence of 25(OH)D deficiencies and hypovitaminosis in various types of

Plasma 25(OH)D
concentration (ng/ml)
0-19 (deficiency)

STEMI
(n=31)

SAP
(n=37)

% (n)

% (n)

% (n)

78.57 (22)

54.84 (17)

32.4 (12)

21.43 (6)

45.16 (14)

67.6 (25)

Y-

20-30 (hypovitaminosis)

SA

ischaemic heart disease

NSTEMI
(n=28)

p
χ2=108.16,
p<0.00001

CC

-B

Seasonality of changes in plasma 25(OH)D levels was observed. Patients admitted in the first quarter of the year (January-March) had the
lowest mean 25(OH)D concentration, whereas the highest one in the fourth quarter (October-December) (7.24±2.1 ng/ml vs. 15.78±2.9 ng/ml,
p=0.008). In the second quarter the mean 25(OH)D concentration was
11.37±3.1 ng/ml, and in the third quarter – 13.56±2.4.2ng/ml (p=0.005).
25(OH)D concentration negatively correlated with age (r=-0.27),
BMI (r=-0.31) and waist circumference (r=-0.29) in studied group. Patients with normoglycaemia had a significantly higher 25(OH)D concentration than those with glucose intolerance and type 2 diabetes (p=0.02
(Table 4)). Moreover, in patients with type 2 diabetes and glucose intolerance 25(OH)D concentration correlated negatively with serum glu-
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cose level (r=-0.29) and TG concentration (r=-0.31), and positively with
HDL level (r=0.27). Such relations were not observed in the group of
patients with normoglycaemia.

disorders
Males (n=56)

10.7±2.6

13.5±4.2

NG (n=55)

IGT (n=17)

19.2±4.7

11.3±4.2

Discussion

All (n=96)

p

12.9±3.1

0.12

T2D (24)

p

8.6±1,7

0.02

3.

Females (n=40)

0P

Table 4. Mean 25(OH)D concentration with respect to sex and carbohydrate metabolism

CC
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Epidemiologic studies show that cardiovascular system diseases are
the main cause of deaths in industrialised countries, and in developing countries rate of deaths due to these diseases will increase [11].
Recent data indicates that acute cardiovascular syndromes NSTEMI
occur more often than STEMI [12], and mortality in both groups is similar [13,14,15]. The inflammatory process is a factor that initiates
atherosclerotic plague rupture and development of acute coronary
syndrome. Other factors include vitamin D deficiency and hyperglycaemia which is a strong predictive factor of death in NSTEMI patients,
and persistent increased fasting blood glucose level indicate poor
prognosis [16,17].
In the conducted study it was proved that patients with ischemic heart disease have lower than recommended plasma 25(OH)D level, and
in none of the patients the optimal level was observed. Whereas, a significantly lower 25(OH)D concentration was recorded in the group of
patients with acute coronary syndrome NSTEMI. Seasonal variations in
25(OH)D concentration were found and the lowest values were recorded
in the first quarter of the year. There was also a relation shown between
disturbed carbohydrate metabolism and lipid profile and low 25(OH)D
concentration. Moreover, the risk of 25(OH)D deficiencies in the studied
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types of ischemic heart disease was estimated, and the highest predictive
values were observed in the group of NSTEMI patients.
In many studies it has been proven that vitamin D deficiencies are
a common phenomenon occurring in many populations, particularly
among obese people with metabolic disturbances and circulatory system diseases [18,19,20], despite the general awareness of recommended vitamin D supplementation, particularly in autumn and winter
seasons [21,22]. It has not been clearly defined yet what 25(OH)D concentration may be considered optimal. In European populations the established recommended range is 30-50 ng/ml [22]. According to Polish
and European recommendations 25(OH)D level of 20-30 ng/ml is considered as hypovitaminosis (suboptimal concentration), whereas below
20 ng/ml is defined as vitamin D deficiency in the body [22,23]. Global
recommendations are less restrictive – vitamin D concentration below
10 ng/ml is regarded as deficiency [6]. In the conducted study we observed too low 25(OH)D concentration in all the patients with ischemic
heart disease, and in over 50% of the subjects the concentration was
below 20 ng/ml. These results correspond to those obtained by other
researchers [4,23]. It must be emphasised that very low 25(OH)D concentration occurred significantly more often in the group of NSTEMI
patients than among those with STEMI and stable angina pectoris. The
results were not confirmed in De Metrio study in which no differences
in 25(OH)D concentration were identified between STEMI and NSTEMI patients [24].
Despite very low 25(OH)D concentrations in the patients, seasonal
variations were found with the highest level being recorded in the first
quarter of the year (January-March). Variations in 25(OH)D concentration depending on seasons of the year were confirmed by many studies
[2,25,26]. It is particularly evident in Northern countries where sunshine exposure, especially in autumn and winter, is insufficient for vitamin
D synthesis in the skin. It may be particularly important for people with
a high risk of cardiovascular diseases, mainly the elderly, in whom a decreased vitamin D synthesis in the skin may be expected.

Dietary Vitamin D Intake Does Not Significantly Affect Plasma 25(OH)D Concentration...
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In literature, many epidemiologic studies, both Polish and European,
indicate very common occurrence of 25(OH)D deficiencies [27,28,29],
particularly in patients with cardiovascular diseases [3,5,23,30]. Among
factors increasing the risk of vitamin D deficiencies there are being
a representative of dark-skinned ethnic groups, a distance of one’s place of living from the equator, obesity or being female [3,4,31]. However, in the conducted study this data was not confirmed. Females had
lower 25(OH)D concentrations than males but those differences were
not statistically significant. Due to the fact that the group was not very
diversified in respect of nutrition level (all the patients were overweight or obese), it was not possible to estimate the impact of this factor
vitamin D nutrition.
On the other hand, a negative correlation was shown between 25(OH)
D and TG concentrations and a positive correlation with HDL level. Moreover, a significant relation was found to exist between diabetes occurrence and glucose intolerance and 25(OH)D concentration, which corresponds to the results obtained by other researchers [4,32]. The patients
suffering from diabetes and glucose intolerance had lower 25(OH)D concentrations than those with normal glucose level. Diabetes and glucose
intolerance are common in patients with ischemic heart disease, nevertheless, it has not been established yet whether vitamin D deficiency affects carbohydrate metabolism and whether vitamin D supplementation
may improve it. Regardless of vitamin D mechanism of action analysed
in the light of carbohydrate metabolism balance, it appears necessary to
monitor vitamin D nutrition in these patients.
Vitamin D plays an important role in cardiovascular diseases prophylaxis, among others by regulating arterial blood pressure, insulin sensitivity or condition of blood vessels. Many studies confirmed a strong relation between vitamin D deficiencies and a high risk of cardiovascular
diseases resulting both from modification of known risk factors as well as
a direct impact on the vascular endothelium. Although there is still
a need to conduct further studies on the relation of vitamin D with incidence and mortality due to cardiovascular diseases and many other
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conditions, vitamin D deficiencies should be regarded as a significant
threat to public health.
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Conclusion
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A non-supplemented well-balanced diet does not significantly affect plasma 25(OH)D concentration. Occurrence of vitamin D deficiencies in patients with ischemic heart disease should be regarded as an independent
factor increasing the risk of cardiovascular diseases.
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